Abstract-The note considers the -disturbance attenuation of multimachine power systems via dissipative pseudo-Hamiltonian realization of the systems. First, the note expresses multimachine systems as a dissipative Hamiltonian system. Then, the note investigates the energy-based control design of -disturbance attenuation of multimachine power systems and proposes a decentralized simple control strategy. Simulations on a six-machine system show that the achieved -disturbance attenuation control strategy is very effective.
The rest of this note is organized as follows. Section II deals with the DHR of multimachine power systems. Section III investigates the energy-based control design of L2-disturbance attenuation of multimachine systems. Section IV presents some simulation results and Section V is the conclusion.
II. DHR OF MULTIMACHINE POWER SYSTEMS
Consider the following n-machine power system, each generator of which is described by the third-order dynamic model [12] - [14] : Tying every means, we find it almost impossible to express system (2.2) into a Hamiltonian system directly. Prefeedback seems necessary. Then the problem becomes how to design a suitable prefeedback law to provide (2.2) a dissipative Hamiltonian structure. After analyzing the form of (2.2), we find that the term 0c i x 2 i3 in the second equation is a key factor in the DHR, because this term does not have its (skew-) symmetric counterpart and destroys the system's dissipative structure.
Based on the term 0c i x 2 i3 , the forms of the three equations of (2.2) and Poincare lemma, a rough calculation shows that the prefeedback law should be a nonlinear one related to x i1 x i3 . Finally, it turns out that the following prefeedback control law (2.3) works: Note that this formal structure does not provide a Hamiltonian structure to the overall system, because in each individual subsystem the cross-variables are frozen as constants. In the following, we look for a real Hamiltonian function of the n generators, which is considered as the total energy of the whole system. Set Similarly, we get (@H)=(@xi3) = (@Hi)=(@xi3). On the other hand, it is apparent that (@H)=(@xi2) = (@Hi)=(@xi2). So, (2.7) holds.
Equation (2.7) indicates that H(x)
is the real Hamiltonian function for the n generators. From (2.5) and (2.7), it turns out that the overall system is expressed as 
Remark 2.2:
Since J i is skew-symmetric and R i 0; J is skewsymmetric and R 0. Therefore, (2.8) is our desired DHR of multimachine power systems.
Remark 2.3:
The model (2.1) does not take into account the transfer conductances G ij (i 6 = j). In power systems, since G ij B ij ; i 6 = j [9] , [12] , G ij (i 6 = j) can be neglected in the modeling compared with B ij [12] - [14] . In model (2.1), G ii 6 = 0, which exactly presents a part of the network load.
Before ending this section, we consider the problem of working point adjustment. For the following controlled system:
when u = 0 the equilibrium point is called the working point. Assume x 0 is the working point of (2.9) with zero input, i.e., f(x 0 ) = 0; moreover, using a control u = '(x) + v the system is converted to
where rH = (@H)=(@x). In general, the equilibrium may be shifted, i.e., MrH(x0) 6 = 0. Let (x) be such that 
III. L 2 -DISTURBANCE ATTENUATION OF MULTIMACHINE POWER SYSTEMS
This section deals with the L2-disturbance attenuation of multimachine power systems. First, we investigate the L 2 -disturbance attenuation of port-controlled Hamiltonian (PCH) systems. As for the concept and properties of L 2 -disturbance attenuation, please refer to [8] and [15] .
A. L2-Disturbance Attenuation of PCH Systems
Consider the following PCH system [3] , [5] : Given a disturbance attenuation level > 0 and take z = h(x)g T 1 (x)rH as the penalty signal, then we have the following result.
Theorem 3.1: For the given disturbance attenuation level
then the L 2 -disturbance attenuation problem of (3.1) can be solved by feedback control law
holds along trajectories of the closed loop system consisted of (3 .1) holds along all trajectories of the closed-loop system consisted of (3.5) and the feedback control strategy, where " = (" 1 ; " 2 ; . . . ; " n ) T ; " i = (" i1 ; " i2 ); z = (z 1 ; z 2 ; . . . ; z n ) T ; x = (x T 1 ; x T 2 ; . . . ; x T n ) T ; x i = 
For the convenience of design, we let " i = 0 in (3.8) tentatively.
Since the feedback law in the dissipative Hamiltonian realization of (3.5) can cause the equilibrium point to be shifted, we first, based on Proposition 2.4, design a feedback control law which stabilizes system (3.8) to the desired operating point ( Because xi1 2 [0; ], we can select suitably large numbers ki such that H is bounded from below. Now, let k i = k i0 such that H is bounded from below. From (3.12), H is also bounded from below and for 8l > 0 the set fxjH(x) lg is compact. From [11] and properties of the power system itself, H (x) has a strict local minimum at the operating point.
From ( 
Since H (x) has a strict local minimum at the operating point, (3.11) is stable at the operating point. Moreover, the system converges to the largest invariant set contained in S = x : dH dt = 0 = fx : x i2 = 0; f i = 0; i = 1; 2; . . . ; ng : 
IV. SIMULATION
A six-machine system [13] , [14] is chosen as an example to demonstrate the effectiveness of the control strategy (3.18) The system is shown in Fig. 1 . As for its generator data, we refer to [13] and [14] . The simulation is completed by the PSASP package which is a professional testing system for power systems designed by the China Electrical Power Research Institute, Beijing, China.
In Fig. 1 , generator no. 6 is a synchronous condenser and generator no. 1 itself actually represents an equivalent of a large power system, used as the reference here. Equip generators no. 2-no. 5 with controller (3.18). Here, 3 = (79:5)=( p 2 2 314 2 3) = 1:8316. In simulating,
we let ri = 0:2 and do with different disturbance attenuation level , where k i0 and u i are determined by (3.23). A symmetrical three-phase short-circuit fault is assumed to occur during the time period 0 0:15 s at K (see Fig. 1 ). When = 2; 10, the responses of i1 (= i 0 1 , in degree) are given in Figs. 2 and 3 respectively.
Through Figs. 2-3, we can see that the control strategy proposed in the note is very effective and the system's dynamic performance can be improved by reducing the disturbance attenuation level .
V. CONCLUSION
The multimachine power systems have been expressed as a dissipative Hamiltonian system. Based on the dissipative Hamiltonian realization, the L2-disturbance attenuation of multimachine power systems has been investigated and a decentralized simple control strategy has been proposed. Simulations on a six-machine system show that the achieved L2-disturbance attenuation control strategy is very effective.
